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GEOLOGICAL FACTORS AFFECTING METHANE 
IN THE BECKLEY COALBED1 
by 
J. T. Popp and C. M. McCul loch 
ABSTRACT 
This  Bureau of  Mines s t u d y  rev iews  t h e  g e o l o g i c a l  f a c t o r s  t h a t  a f f e c t  
methane i n  t h e  Beckley coa lbed  i n  s o u t h e r n  West V i r g i n i a ,  i n c l u d i n g  overburden ,  
coa lbed  s t r u c t u r e ,  t y p e  o f  and changes i n  l i t h o l o g y  above and below t h e  
Beckley coa lbed ,  and p r e s e n c e  o f  f r a c t u r e s  i n  t h e  c o a l  and r o c k  a d j a c e n t  t o  
t h e  Beckley.  Depending on t h e  d e p t h ,  t h e  Beckley coa lbed  e m i t s  from 216 t o  
520 f t 3  o f  methane p e r  t o n  of c o a l  mined, and t h e  Bureau e s t i m a t e s  t h a t  meth- 
ane emiss ion  i n  a  deep ,  e x t e n s i v e l y  developed mine i n  t h i s  a r e a  may exceed 
3,000 f t 3  per  day p e r  t o n  of c o a l  mined. 
Average f a c e  c l e a t  and b u t t  c l e a t  t r e n d s  i n  t h e  Beckley coalbed measured 
underground a r e  N 33" W and N 53" E ,  r e s p e c t i v e l y .  Close  c l e a t  s p a c i n g  con-  
t r i b u t e s  t o  t h e  f r i a b l e  n a t u r e  of t h e  Beckley and p r o v i d e s  e a s y  movement f o r  
methane and w a t e r .  Because r i d e r  c o a l s ,  s p l i t s ,  and carbonaceous s h a l e s  may 
c o n t r i b u t e  methane t o  mine e m i s s i o n s ,  p r e d i c t i o n s  o f  methane e m i s s i o n  based on 
gas  c o n t e n t  of  t h e  Beckley coa lbed  a l o n e  may be c o n s e r v a t i v e .  Beckley coa lbed  
r e s e r v e s  i n  t h e  s t u d y  a r e a  a r e  234 m i l l i o n  t o n s .  The g a s  c o n t e n t  o f  t h e  
Beckley coa lbed  averages  407 f t J / t o n ,  and t h e  coalbed g a s  r e s e r v e s  a r e  108 
b i l l i o n  f t 3 .  
INTRODUCTION 
The Bureau of  Mines,  i n  c o o p e r a t i o n  w i t h  f i v e  l o c a l  c o a l  companies, s t u d -  
i e d  t h e  e f f e c t s  of  geology on methane i n  t h e  Beckley coalbed.  The s t u d y  a r e a  
i n c l u d e s  p o r t i o n s  o f  F a y e t t e ,  R a l e i g h ,  and Wyoming C o u n t i e s ,  i n  s o u t h e r n  West 
V i r g i n i a ,  where f i v e  underground c o a l  mines a r e  p r e s e n t l y  working i n  t h e  
Beckley coalbed.  The Beckley coa lbed  i s  be ing  developed i n  t h e  deeper  p a r t s  
of  i t s  b a s i n  of d e p o s i t i o n ;  e a r l i e r  development was h indered  by i r r e g u l a r  c o a l  
t h i c k n e s s  and i n c r e a s i n g  methane emiss ion  w i t h  d e p t h .  Because t h e  Beckley,  a  
l o w - v o l a t i l e  m e t a l l u r g i c a l  c o a l ,  i s  i n  l a r g e  demand, t h r e e  mines (Beckley , 
Beckley No. 1, and Maple Meadow) have opened i n  t h e  l a s t  4 y e a r s  w i t h  a n o t h e r  
mine (Beckley-Lick Run) under c o n s t r u c t i o n .  I n i t i a l  d e s o r p t i o n  t e s t s  of  c o a l  
   his r e p o r t  c o n t a i n s  p o r t i o n s  of a  Master Is Thes i s  i n  Geology completed a t  
Sou thern  I l l i n o i s  U n i v e r s i t y ,  Carbondale ,  Ill.  
2 ~ e o l o g i s t .  
co re s  and mine methane emissions i n  t h e  new mines i n d i c a t e  a  h igh  methane con-  
t e n t ,  e s p e c i a l l y  as  mining deepens. 
Because t h e  s t r u c t u r e  and s t r a t i g r a p h y  of t h e  Beckley coalbed c o n t r o l  t h e  
mig ra t i on  and r e t e n t i o n  of methane, geo log ic  maps were cons t ruc t ed  from c o r e  
logs  and mine d a t a .  These maps i nc lude  t h e  coalbed s t r u c t u r e ,  c o a l  t h i c k n e s s ,  
overburden t h i c k n e s s ,  mined-out c o a l  a r e a s ,  and l i t h o l o g y  above and below t h e  
Beckley. Sur face  j o i n t s  were measured and a r e  p resen ted  on a  quadrangle  b a s i s .  
C l e a t  d i r e c t i o n s  i n  t h e  f i v e  mines were a l s o  measured, and t h e  r e l a t i o n  of t h e  
j o i n t s  t o  t h e  c o a l  c l e a t  i s  examined. 
F i n a l l y ,  t he  amount of methane i n  t he  Beckley coalbed i s  es t imated .  The 
d a t a  c o l l e c t e d  i n d i c a t e  t h a t  t h e  Beckley coalbed w i l l  probably be g a s s i e r  than  
t he  Pocahontas No. 3  coa lbed ,  e s p e c i a l l y  a s  mining moves under 1 ,000 f e e t  o f  
overburden. 
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H I  STOR ICAL BACKGROUND 
The f i r s t  use  of t h e  Beckley coalbed co inc ided  with  s e t t l e m e n t  i n  t h e  
a r ea  where t h e  Beckley c rops  o u t .  E a r l y  s e t t l e m e n t s  began i n  t h e  Wyoming 
County a r e a  i n  t he  1780 ' s .  As r a i l r o a d s  extended from V i r g i n i a  i n t o  West 
V i r g i n i a  i n  t he  18801s ,  mining increased .  
Previous Work 
I n v e s t i g a t i o n s  concerning t h e  Beckley coalbed a r e  d iv ided  i n t o  two c a t e -  
g o r i e s :  S tud i e s  of  ca rboniz ing  p r o p e r t i e s  and b lending  q u a l i t i e s  of t h e  
Beckley, and g e o l o g i c a l  s t u d i e s  of  problems r e l a t e d  t o  c o a l  d e p o s i t i o n  i n  
sou thern  West V i rg in i a .  
The f i r s t  geo log ic  r e f e r e n c e s t o t h e  Beckley coalbed a r e  by Campbell 
(8-z)3 i n  1898 and 1902 and White (72) i n  1903, who publ ished columnar s e c -  
t i o n s  of t h e  Beckley and o t h e r  New River  sedimentary u n i t s .  According t o  
Hennen (g), t h e  Beckley i s  t h e  equ iva l en t  of t h e  War Creek coalbed as 
r epo r t ed  by White (73). 
Carbonizing proper  t i e s  were s t ud i ed  by Aresco (L-Z), F i e l d n e r  (25 -26) ,  
Davis (u), Reynolds (x), and o t h e r s  (1, 26, 5 5 ,  63, 66) .  I n  1944, Headlee 
3Underlined numbers i n  paren theses  r e f e r  t o  i tems i n  t he  l i s t  of b ib l iography  
preceding t he  appendix. 
(31) d e s c r i b e d  b o t h  t h e  p e t r o g r a p h y  of  t h e  Beckley and t h e  f low of methane 
th rough  d i f f e r e n t  c o a l  t y p e s ,  w h i l e  t h e  p h y s i c a l  p r o p e r t i e s  and c h a r a c t e r i s -  
t i c s  of  t h e  Beckley were d e s c r i b e d  i n  1955 (32). E s t i m a t e s  of r e c o v e r a b l e  
r e s e r v e s  o f  t h e  Beckley i n  s e v e r a l  c o u n t i e s  a r e  made by Dowd (a) and Wal lace  
(70-71). 
Two d i f f e r e n t  i d e a s  o n  t h e  g e o l o g i c  h i s t o r y  of  t h e  a r e a  a r e  r e p o r t e d  i n  
t h e  l i t e r a t u r e .  Gwinn (3) and P r i c e  (56) have p u b l i s h e d  papers  o n  t h e  depo- 
s i t i o n ,  t h i c k n e s s ,  and i r r e g u l a r  s t r u c t u r e s  of  t h e  Beckley c o a l .  Gwinn p l a c e d  
r e s p o n s i b i l i t y  f o r  t h e  i r r e g u l a r  c o a l  t h i c k n e s s  o n  d e p o s i t i o n  on an i r r e g u l a r  
s u r f a c e .  Working i n  Kentucky,  Ohio,  and P e n n s y l v a n i a ,  Ferm (23-3)  advanced 
t h e  i d e a  t h a t  t h e  s t r a t a  c o n t a i n i n g  c o a l s  s i m i l a r  i n  age  and s t r a t i g r a p h i c  
p o s i t i o n  t o  t h e  Beckley r e p r e s e n t  s u c c e s s i v e  d e p o s i t i o n a l  environments  r e l a t -  
i n g  t o  d e l t a i c  s e d i m e n t a t i o n .  Galloway (28) and Robinson (58-2)  have found a  
s i m i l a r  environment of  d e p o s i t i o n  i n  t h e  F a y e t t e  -Rale igh County a r e a ,  working 
w i t h  t h e  Beckley coa lbed .  
O r i g i n  of  Methane i n  Coal  
A fundamental  u n d e r s t a n d i n g  of  t h e  o r i g i n  of  methane i n  c o a l b e d s  i s  nec -  
e s s a r y  t o  r e l a t e  geology t o  methane movement. Because methane i s  a  haza rd  t o  
underground c o a l  min ing ,  a  g r e a t  d e a l  o f  l i t e r a t u r e  i s  devoted t o  t h e  o r i g i n  
and movement of methane.  A b a s i c  e x p l a n a t i o n  of  t h e  o r i g i n  of  methane i s  d i s -  
c u s s e d  h e r e ;  f o r  a  more complete  d i s c u s s i o n  s e e  Hass (E), Selden  (a), Moore 
(g), and Venter  (68). 
Two t h e o r i e s  f o r  t h e  o r i g i n  of methane i n  c o a l  a r e  (1 )  t h a t  methane i n  
c o a l  o r i g i n a t e s  i n  a  s o u r c e  f o r e i g n  t o  t h e  bed ,  and (2 )  t h a t  methane i s  gen-  
e r a t e d  w i t h i n  t h e  bed.  The l a t t e r  t h e o r y  i s  p r e f e r r e d  i n  t h i s  s t u d y .  
Atmospheric g a s e s  absorbed by and occluded i n  p e a t  and d i s s o l v e d  i n  swamp 
w a t e r s  d u r i n g  t h e  f i r s t  s t a g e s  of accumulat ion of p l a n t  m a t e r i a l  have been  sug-  
g e s t e d  a s  an  o u t s i d e  s o u r c e  (16). Gases produced by t h e  t r a n s f o r m a t i o n  of 
o r g a n i c  m a t e r i a l  d u r i n g  c o a l i f i c a t i o n  and g a s e s  produced by r a d i o a c t i v e  d i s -  
i n t e g r a t i o n  of e l ements  i n  t h e  c o a l  s t r a t a  a r e  a n  i n t e r n a l  s o u r c e .  However, 
t h e  most impor tan t  p r o c e s s ,  v o l u m e t r i c a l l y  s p e a k i n g ,  i s  by t h e  t r a n s f o r m a t i o n  
of  o r g a n i c  m a t e r i a l s  i n t o  g a s e s  (16). I n  t h i s  p r o c e s s ,  methane i s  a  p r o d u c t  
o f  a n a e r o b i c  b a c t e r i a l  metabol ism of c e l l u l o s e ,  l i g n i n ,  wax, and r e s i n s .  Th i s  
p r o c e s s  t a k e s  p l a c e  i n  t h r e e  s t a g e s :  
1. The c e l l u l o s e  f e r m e n t s ,  forming mos t ly  ca rbon  d i o x i d e ,  hydrogen,  and 
methane.  Because t h e  v e g e t a l  m a t t e r  i s  exposed e i t h e r  t o  wa te r  o r  a i r ,  most 
o f  t h e  gas  i s  r e l e a s e d  t o  t h e  atmosphere.  
2. Th i s  i s  fo l lowed by t h e  slow decomposi t ion of l i g n i n .  A sediment  may 
have accumulated over  t h e  d e p o s i t  t o  a l l o w  t h e  p r e s e n c e  of m o i s t u r e ,  b u t  n o t  
of  a i r .  D i f f e r e n t i a l  d i f f u s i o n  i n  t h i s  s t a g e  a l lows  c a r b o n  d i o x i d e  t o  be  
absorbed by t h e  w a t e r ,  and hydrogen i s  d i f f u s e d  through t h e  sediment  t o  t h e  
atmosphere w h i l e  t h e  c o a l  r e t a i n s  t h e  methane. 
3 .  I n  the  f i n a l  s t a g e ,  methane i s  prevented from escaping by b u r i a l  and 
i s  t rapped i n  t h e  c o a l .  With inc reas ing  p re s su re  a t  depth and l a c k  of com- 
p l e t e  impermeabil i ty ,  some methane escapes whi le  some i s  contained wi th in  roof  
and f l o o r  rock  (52). The r e s u l t  i s  a  c o a l  with high methane content  r e l a t i v e  
t o  carbon d ioxide ,  hydrogen, and o ther  gases ,  c h a r a c t e r i s t i c s  of t h e  i n t e r n a l  
source theory of methane genera t ion .  Gas samples taken from t h e  Beckley c o a l -  
bed by Bureau of Mines personnel  con ta in  more than 97 pc t  methane and l e s s  
than  0.5 pc t  carbon d iox ide ,  percentages t h a t  favor  t he  i n t e r n a l  source 
theory.  
GEOLOGY OF THE BECKLEY COALBED 
Lotz (43) has shown t h a t  t he  Beckley coalbed has a  minable th ickness  and 
low mineral  mat te r  conten t  f o r  more than 600 square mi les  ( f i g .  1 ) .  Although 
o r i g i n a l  minable Beckley r e se rves  were es t imated  a t  over 2 b i l l i o n  tons,  
r e c e n t  exp lo ra t ion  by mining companies shows t h e  reserves  t o  be more ex tens ive .  
I n  t h e  c e n t r a l  p a r t  of i t s  bas in  the  Beckley coalbed ranges i n  th ickness  from 
3 t o  10 f e e t  with l o c a l  thickenings up t o  22  f e e t .  Headlee (31) desc r ibes  t h e  
Beckley a s  s o f t ,  columnar, and multibedded. I n  hand specimens the  Beckley 
FIGURE 1. - Original minable extent of the Beckley coalbed. 
e x h i b i t s  a  c l e a t  
spacing as c l o s e  
a s  1/8 inch. 
General ized S t r a t i -  
graphy of t h e  New 
River  Formation 
The s tudy 
a rea  ( f i g .  3 )  i s  
west  of t h e  A l l e -  
gheny Front  and 
w i t h i n  the  g e n t l y  
folded Appalachian 
P la teau .  The New 
River  Formation, 
t h e  middle forma- 
t i o n  of t h e  P o t t s -  
v i l l e  Group, i s  
cha rac t e r i zed  by 
o r t h o q u a r t z i t e s  
t h a t  a r e  compar - 
ab le  i n  l a t e r a l  
c o n t i n u i t y  t o  t he  
formation 's  c o a l -  
beds. The Sewell 
and Beckley a r e  
t h e  p r i n c i p a l  eco- 
nomic coalbeds of 
t h i s  formation. 
Hennen (34) 
desc r ibes  t he  New 
River  Formation as  
a t t a i n i n g  a  maxi- 
mum th ickness  of 
1,030 f e e t  i n  
Wyoming and 
McDowell Counties.  
Galloway (3) 
found tha t ,  w i th in  
Raleigh County, 
t h e  format i o n  
thinned 400 f e e t  
FIGURE 2, - Cleat spacing in a hand specimen of Beckley coal, i n  a  northwest  
d i r e c t i o n .  Within 
the  s tudy  a rea  t h e  New River Formation v a r i e s  i n  th ickness  f o r  two reasons :  
(1) The formation gene ra l ly  t h i n s  t o  the  n o r t h ,  and (2 )  minor t r ansg res s ions ,  
r eg re s s ions ,  and e ros ion  have l o c a l l y  thinned,  thickened,  or  removed s e c t i o n s  
of t h e  geologic  column. 




FIGURE 3. - Locat ion of  study area. 
F i g u r e  4 i s  a  g e n e r a l i z e d  s t r a t i g r a p h i c  column c o n s t r u c t e d  from c o r e  h o l e  
d e s c r i p t i o n s  of l i t h o l o g y  between t h e  Sewel l  and F i r e  Creek coa lbeds .  The 
more impor tan t  s t r a t i g r a p h i c  markers  i n c l u d e  t h e  Sewel l  c o a l b e d ,  t h e  Ra le igh  
Sands tone ,  t h e  Beckley c o a l b e d ,  t h e  Quinnimont Sandstone,  and t h e  F i r e  Creek 
coa lbed .  The c o r e  d e s c r i p t i o n s  used a r e  t aken  from c h a r a c t e r i s t i c  c o r e  h o l e s  
r e p r e s e n t i n g  t h e  d i f f e r e n t  l i t h o l o g i e s  between t h e  c o a l b e d s  from each mine 
p r o p e r t y .  The i n t e r v a l  between t h e  Sewel l  and Beckley c o a l b e d s  ranges  from a  
s e c t i o n  of sands tone  t o  a  s e c t i o n  dominated by s h a l e  w i t h  s e v e r a l  c o a l s .  
Recogni t ion  of t h e  Beckley i n  c o r e  h o l e  d e s c r i p t i o n s  i s  dependent on r e c o g n i z -  
ing  key beds and t h e  i n t e r v a l s  between t h e s e  beds .  The S e w e l l - F i r e  Creek 
i n t e r v a l  i s  c o n s i d e r e d  impor tan t  h e r e  because  of t h e  c o n f u s i o n  between t h e  
lower s p l i t  of t h e  Beckley and t h e  F i r e  Creek.  
The mul t ibedded c h a r a c t e r  of t h e  Beckley i s  impor tan t  i n  mining.  I n  t h e  
E c c l e s  No. 5 mine,  f o r  example,  t h e  Beckley coalbed i s  o f t e n  found i n  t h r e e  
d i s t i n c t  c o a l  u n i t s  s e p a r a t e d  by two s h a l e  o r  s l a t e  bands.  Dowd (21) noted 
t h a t  a s  much a s  50 f e e t  of s t r a t a  may s e p a r a t e  t h e  t h r e e  benches .  An example 
Sewell coal 


















FIGURE 4. - Generalized stratigraphic column of the 
Sewell-Fire Creek interval. 
of two c o a l  benches sepa-  
r a t e d  by a  s p l i t  i s  shown i n  
f i g u r e  5. I f  t he  bench 
being mined pinches o u t ,  the  
miners must tunnel  through 
the  s p l i t  t o  mine the o t h e r  
bench. Because of t h e  dan- 
ge r  of roof f a l l s  and cave-  
i n s ,  and because one bench 
i s  f r e q u e n t l y  unminable , 
benches a r e  not  u s u a l l y  
mined s imultaneously.  
Regional and Local 
S t r u c t u r e  
The Beckley coalbed 
l i e s  i n  an  a rea  of  southern  
West V i rg in i a  marked by 
g e n t l e  a n t i c l i n e s  and syn- 
c l i n e s  roughly para1 l e  1 t o  
the  Allegheny Front .  The 
sedimentary u n i t s  a r e  
younger west of t he  Al le -  
gheny Front and d i p  t o  t h e  
northwest between 1" and 2" 
(90 t o  180 f e e t  per  m i l e ) .  
Figure 6 i s  a  map of 
t h e  d a t a  p o i n t s  used t o  
prepare t he  maps i n  t h i s  
r e p o r t .  I t  should be noted 
t h a t  the  Beckley-Lick Run 
FIGURE 5. - Spl i t  between the upper and lower Beck ley Mine has been included i n  
coalbed near Slab Fork, W. Va. f i g u r e  6 t o  show i t s  prox-  
imi ty  t o  the o t h e r  mines 
even though i t  i s  s t i l l  under cons t ruc t ion .  Because i t  i s  no t  open, the  
Beckley-Lick Run Mine i s  no t  included i n  the  underground c l e a t  surveys 
( f i g .  8 and t a b l e  I ) ,  t h e  mined-out a r eas  ( f i g .  1 5 ) ,  and the c o a l  product ion 
and methane emission d a t a  ( t a b l e  6 ) .  F igure  7 i s  a  s t r u c t u r e  contour map of  
t h e  s tudy  a rea  drawn on the  base of t h e  Beckley coalbed. The map i s  drawn 
wi th  a  40-foot contour i n t e r v a l  t o  a i d  i n  t he  cons t ruc t ion  of an overburden 
isopach map from topographic maps wi th  t h e  same contour i n t e r v a l .  I t  is  
s i m i l a r  t o  e a r l i e r  mapping (34) and i l l u s t r a t e s  two s t r u c t u r a l  f e a t u r e s  i n  t he  
southwestern p o r t i o n  of t h e  s tudy  area- - the  P i n e v i l l e  a n t i c l i n e  and t h e  
P i n e v i l  l e  sync l i n e .  
No s t r u c t u r a l  f a u l t s  were de tec ted  i n  t h e  s tudy  a r e a ,  a l though mining 
o f f i c i a l s  r e f e r  t o  a reas  w i t h i n  seve ra l  mines a s  being " fau l ted-out . "  This 
r e f e r s  t o  '!want1' a r eas  where the  c o a l  t h i n s  o r  i s  no t  p r e s e n t ,  r ep re sen t ing  
a  sedimentary f e a t u r e  r a t h e r  than a  s t r u c t u r a l  f e a t u r e .  (See appendix.) 
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FIGURE 7. - Structure contour map of the base of the Beckley coalbed. 
FiiACTURE TRENDS I N  ROCK AND COAL 
Sedimentary rocks i nc lud ing  coalbeds a r e  c u t  by f r a c t u r e s .  Because f r a c -  
t u r e s  i n c r e a s e  t h e  pe rmeab i l i t y  of r ock  and c o a l  t o  f l u i d  mig ra t i on ,  t h e  r e l a -  
t i o n s h i p  of methane movement t o  f r a c t u r e  systems i s  examined below. 
C lea t  i n  Coal 
The n a t u r a l  v e r t i c a l  f r a c t u r e  system i n  bituminous coa lbeds  i s  c a l l e d  
c l e a t .  Two c l e a t  d i r e c t i o n s ,  t h e  f a c e  c l e a t  and b u t t  c l e a t ,  a r e  common t o  
c o a l ,  w i th  t he  f ace  being more prominent than  the  b u t t .  (See appendix.)  
Because c o a l  t ends  t o  b reak  along c l e a t ,  t h e  o r i e n t a t i o n  of t h e  c l e a t  has  i n  
t h e  p a s t  c o n t r o l l e d  t h e  d i r e c t i o n  of mining. With t h e  advent of con t inuous-  
mining machines, t h e  d i r e c t i o n  of mining i s  no longer  s o l e l y  determined by the  
d i r e c t i o n  i n  which c o a l  most e a s i l y  f r a c t u r e s .  C l ea t  i s  important  i n  t h e  flow 
of methane and water  i n t o  mines,  and a  d i r e c t  pe rmeab i l i t y  r e l a t i o n s h i p  has  
been formed between t h e  amount of gas  emi t ted  and c l e a t  d i r e c t i o n  (45). 
C l e a t  d i r e c t i o n s  were measured a t  l o c a t i o n s  throughout  t h e  f i v e  mines and 
p l o t t e d  on r o s e  diagrams ( f i g .  8 ) .  D i r e c t i o n a l  t r ends  f o r  t h e  c l e a t  systems 
and t h e i r  s epa ra t i ons  a r e  l i s t e d  i n  t a b l e  1. 
TABLE 1. - Measured c l e a t  d i r e c t i o n s  i n  t h e  Beckley coalbed 
J o i n t s  i n  Rock 
Mine 
Beckley ................. 
Beckley No. 1.. ......... 
Eccles  No. 5  . . . . . . . . . . . .  
Maple Meadow.. .......... 
Skel ton  . . . . . . . . . . . . . . . . .  
A f r a c t u r e  system along which t h e r e  has been no movement i s  c a l l e d  
j o i n t i n g ;  such systems a r e  common t o  most sedimentary rocks .  J o i n t s  a r e  
n e a r l y  v e r t i c a l  and d i s r u p t  t h e  phys i ca l  c o n t i n u i t y  of t h e  rock  mass. (See 
appendix.  ) J o i n t i n g  i n  su r f  ace s t r a t a  i s  be l i eved  t o  i n d i c a t e  the  d i r e c t i o n  
of i n h e r e n t  weakness i n  t he  Beckley coalbed.  Determinat ion of t h e  dominant 
j o i n t  d i r e c t i o n s  i n  advance of mining permi t s  t h e  planning of e n t r i e s  and mine 
development i n  d i r e c t i o n s  t h a t  reduce mining problems. I n  a d d i t i o n ,  t h e  j o i n t  
d i r e c t i o n s  determine t h e  spacing of ho les  f o r  maximum gas  flow from hydrau- 
l i c a l l y  s t imu la t ed  v e r t i c a l  degas i f  i c a t i o n  ho l e s .  
Sur face  measurements of j o i n t s  above t h e  Beckley coalbed were made w i t h i n  
t h e  s t udy  a r ea .  An average of 113 j o i n t  read ings  were made per  quadrangle  
wi th  a  minimum of 100 read ings  per  quadrangle  and no more t han  10 a t  each o u t -  
crop.  The d i r e c t i o n s  were read  on azimuth-type damped Brunton compasses and 
c o r r e c t e d  f o r  magnetic d e c l i n a t i o n .  
Face c l e a t  
N 36" W 
N 37" W 
N 34" W 
N 25" W 
N 28" W 
But t  c l e a t  
N 49" E 
N 72" E 
N 52" E 
N 60" E 
N 47" E 








1 Beckley No. l mine 
2 Maple Meadow mine 
3 Beckley mine 
4 Eccles No. 5 mine 
5 Skelton mine 
FIGURE 8. - Rose diagrams of subsurface c lea t  directions in the Beckley coalbed. 
Rose diagrams were p l o t t e d  t o  determine the  major j o i n t  d i r e c t i o n s  f o r  
each quadrangle and assembled f o r  t he  s tudy  a r e a  ( f i g .  9 ) .  The d i r e c t i o n a l  
t r ends  f o r  each quadrangle a r e  l i s t e d  i n  t a b l e  2 .  
TABLE 2. - Pr inc ipa l  jo in t  d i r e c t i o n s  measured 
Quadrangle 
............................ Arnet t  
Beckley ........................... 
Crab Orchard . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Dorothy 
Eccles  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lester  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
McGraws . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oak H i l l . .  ........................ 
........................... Pax.. . .  
;':Dominant t rend.  




















J o i n t  
N 49" W 
N 8 8 " W  
N 34" W;k 
N 63" W 
N 82" W 
N 62" W;k 
N 40" W 
N 38" W 
N 09" W 
N 46" W 
N 58" W 
N 200 w;~: 
N 76" W 
N 38" W 
N 51" W 
N39"  W 
N 42" W 
N 16" W 
Di rec t ions  
N 43" E 
N O l O E  
N 57" E;': 
N 25" E 
N 7  1" p k > k  
N 84" E-/.;k 
N 22" E 
N 37" E;k 
N 65" E 
N 65" E 
N 73" E 
N 50" E 
N 28" E 
N 720 ~ i k  
N 41" E 
N 53" E 
N 41" E 
N 5 l 0 E > k  
N 52" E 
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FIGURE 9. - Rose diagrams of  sur face jo int  measurements. 
Rela t ionship  of C lea t  and 
J o i n t s  t o  Regional 
S t r u c t u r e  
I n  f i g u r e  10 r o s e  d i a -  
Pinevil le syncline grams of a l l  subsurface and 
s u r f  ace measurements a r e  
Structural trends compared wi th  the r e g i o n a l  
s t r u c t u r a l  t rends .  Combin- 
i n g  c l e a t  measurements from 
W 
a l l  mines i n t o  a  s i n g l e  r o s e  
diagram h i g h l i g h t s  t h e  fun- 
damental c l e a t  system; t h e  
N 38OW N f a c e  c l e a t  i s  a t  N 33" W ,  
and t h e  b u t t  c l e a t  i s  a t  
N 53" E wi th  an  86" sepa ra -  
t i o n .  When t h e  1,021 s u r -  
f ace  measurements f o r  a l l  
n ine  quadrangles a r e  corn- 
b tned ,  t h r e e  t r ends  a r e  
recognized:  N 44" E (non- 
measurements N68OE sys t ema t i c ) ,  N 68" E (non- 
sys t ema t i c ) ,  and N 38O W 
( sys temat ic ) .  These t rends  
a r e  assumed t o  r ep re sen t  a  
W fundamental j o i n t  system as 
descr ibed  by Nickelsen (50) 
10 measuremenis with  one sys temat ic  t rend  
and two nonsystematic t r ends  
N 33O W N 
present .  
The P i n e v i l l e  a n t i c l i n e  
and the  P i n e v i l l e  sync l ine  
a r e  seen i n  f i g u r e  7 and a r e  
n e a r l y  p a r a l l e l  wi th  t he  
Allegheny F ron t ,  which 
N 53"E t r ends  N 50" E ,  e a s t  of t he  
s tudy  area.  During fo ld ing ,  
Cleat directions t h e  sys temat ic  j o i n t s  and 
f a c e  c l e a t s  formed ~ a r a l l e l  
W 
t o  t he  d i r e c t i o n  of  g r e a t e s t  
'-+ E compression, whi le  t h e  non- 
10 measurements sys temat ic  j o i n t s  and b u t t  
c l e a t s  formed p a r a l l e l  t o  
FIGURE 10. - Comparison of subsurface cleat directions, t he  d i r e c t i o n  of l e a s t  
surface measurements, and structural trends. s t r e s s .  This can be 
observed i n  f i g u r e  10 where 
the  p a r a l l e l i s m  of the  f ace  c l e a t s  w i th  t h e  sys temat ic  j o i n t s ,  and o f  t h e  
b u t t  c l e a t s  w i th  the  nonsystematic j o i n t s  and s t r u c t u r a l  t r e n d s ,  i s  ev ident .  
The r e l a t i o n s h i p  of  f r a c t u r e  t r ends  and f o l d  axes t o  the s t r u c t u r a l  f r o n t  
noted here i s  s i m i l a r  t o  t h a t  developed i n  e a r l i e r  work (45, 5 l ,  69). 
I n  t h e  Ecc les  No. 5  mine t h e r e  i s  a  c o r r e l a t i o n  of c l e a t  d i r e c t i o n s  ( f a c e  
c l e a t  N 34" W, b u t t  c l e a t  N 52" E) t o  s u r f a c e  j o i n t  measurements (N 32" W ,  
N 48" E )  above the  mine. This c o r r e l a t i o n  suppor t s  a  s t udy  i n  which c o a l  
c l e a t  o r i e n t a t i o n  i n  t he  P i t t s b u r g h  coalbed was es t imated  u s ing  s u r f a c e  j o i n t  
measurements (lg). 
GEOLOGIC FACTORS AFFECTING METHANE EMISS ION 
Methane i s  i n t i m a t e l y  a s soc i a t ed  w i th  coa l .  Research has shown t h a t  
methane i s  contained under p r e s s u r e  i n  equ i l i b r i um wi th  i t s  surroundings u n t i l  
c o a l  i s  mined, f a u l t e d ,  o r  i n t e r c e p t e d  by d r i l l i n g ,  and t h a t  methane moves 
once i t s  environmental  e q u i l i b r i u m  i s  upse t  (11-12, l4, 18). This  r e s e a r c h  
shows t h a t  methane and i t s  movement i n  t h e  coalbed environment a r e  r e l a t e d  t o  
geology. The geo log ic  f a c t o r s  a f f e c t i n g  methane emiss ion  i n  t h e  Beckley c o a l -  
bed cons idered  here  a r e  l i t h o l o g i c  v a r i a t i o n s  above and below t h e  Beckley 
coa lbed ,  overburden t h i cknes s  above t h e  Beckley coa lbed ,  t h i cknes s  of t h e  
Beckley coa lbed ,  s t r u c t u r e  of t h e  Beckley coa lbed ,  and c l e a t  o r i e n t a t i o n  i n  
underground mines. 
L i t ho log i c  V a r i a t i o n s  Above and Below t h e  Beckley Coalbed 
Methane emission from Beckley coalbed mines i s  no t  on ly  from c o a l ,  bu t  
l s o  from ad j acen t  s t r a t a .  The presence of  porous and permeable sandstone 
bove and/or  below the  Beckley may a l low methane t o  e n t e r  t h e  mine atmosphere 
from e x t e r n a l  sources  such a s  r i d e r  c o a l s ,  s p l i t s ,  and carbonaceous s h a l e s .  
Pane l  diagrams i l l u s t r a t e  l a t e r a l  and v e r t i c a l  changes i n  l i t h o l o g y  above and 
below t h e  Beckley and p o s s i b l e  e x t e r n a l  sources  of  methane. 
The pane l  diagrams were cons t ruc t ed  us ing  n e a r l y  80 co re  h o l e s  and 
d r i l l e r s  ' logs  s e l e c t e d  from some 250 logs  a v a i l a b l e  and r e p r e s e n t  t h e  
r e g i o n a l  s t r a t i g r a p h i c  t r ends .  The l i t h o l o g i c  d e s c r i p t i o n s  a r e  v e r y  g e n e r a l  
and r e p r e s e n t  on ly  c o a l ,  sands tone ,  and s h a l e .  Because of r a p i d  l a t e r a l  
changes i n  l i t h o l o g y  above and below t h e  Beckley, pane l  i n t e r p r e t a t i o n s  from 
d a t a  l o c a t i o n s  more than 1 mi le  a p a r t  a r e  l e s s  r e l i a b l e  than  d a t a  loca ted  
w i t h i n  one-half  m i l e ;  an optimum co re  h o l e  spac ing  might be 2,000 f e e t  w i t h  
more h o l e s  i n  a r e a s  o f  low c o a l .  The panel  diagrams of t h e  roof  s t r a t a  a r e  
drawn from t h e  base o f  t h e  Beckley coa lbed ,  whi le  t h e  panel  diagrams of t h e  
f l o o r  s t r a t a  a r e  drawn from t h e  top  of t h e  coa lbed ;  both diagrams a r e  t e rmi-  
na ted  a t  a  l i t h o l o g i c  c o n t a c t  whenever pos s ib l e .  
According t o  Krebs (42) , t h e  s t r a t a  below the  Beckley coalbed c o n s i s t  of 
a  l e n t i c u l a r  sandstone w i th  a  dark  gray ,  l e n t i c u l a r  s h a l e  benea th ,  unde r l a in  
by t h e  F i r e  Creek coalbed.  Any o r  a l l  of t he se  u n i t s  may be absen t .  Carbon- 
aceous s h a l e s  i n  t h e  f l o o r ,  formed from o rgan i c - r i ch  irmds, may be a  source  of 
methane (&), e s p e c i a l l y  i f  t h e  s h a l e  i s  permeable. I n  t h e  mines surveyed, 
t h e  f l o o r  l i t h o l o g y  ranged from a b l ack  s h a l e  t o  a  sandy s h a l e ;  i n  t he  Maple 
Meadow and Beckley mines methane was being emi t ted  from a b l a c k  sha l e .  
F igu re  11 shows t h e  s t r a t a  below t h e  Beckley. Because e x p l o r a t i o n  co re s  
a r e  n o t  u s u a l l y  d r i l l e d  ve ry  f a r  below t h e  c o a l ,  fewer d a t a  p o i n t s  a r e  a v a i l -  
a b l e  than  i n  t he  c o n s t r u c t i o n  of geo log ic  maps on t he  s t r a t a  above t h e  coalbed.  
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Genera l l y ,  t he  f l o o r  s t r a t a  i n  t h e  mines c o n s i s t  of  s h a l e .  The panel  diagrams 
do n o t  d e s c r i b e  the s h a l e  t ypes ,  nor do they show t h e  presence  of a  c o a l  
d i r e c t l y  under ly ing  t h e  p o r t i o n s  of t he  two mines having f l o o r  emiss ions .  
However, methane emiss ion  from t h e  s h a l e  f l o o r  imp l i e s  e i t h e r  t h a t  t h e  s h a l e s  
a r e  carbonaceous and t h e  source  of t h e  methane, o r  t h a t  t he  methane has  
migrated t o  t h e  f l o o r  of  t h e  mine from the  Beckley coalbed o r  from a coalbed 
below. F igure  11 shows c o a l  benea th  t h e  Beckley coalbed i n  t h e  McGraws quad- 
r a n g l e  and along t h e  Pax-Eccles quadrangle  boundary. The prox imi ty  and a r e a l  
e x t e n t  o f  t he se  lower c o a l s  i n d i c a t e  an a d d i t i o n a l  p o t e n t i a l  source  of methane 
f o r  t h e  mines being developed i n  t hose  a r e a s ;  namely, t h e  Beckley No. 1 mine 
and t h e  Beckley-Lick Run mine. 
Krebs (42) descr ibed  t h e  presence  of a  da rk  g r ay  s h a l e ,  r i d e r  c o a l ,  and 
sands tone  above t h e  Beckley i n  t h e  s t udy  a r ea .  Both t he  s h a l e  and sandstone 
a r e  descr ibed  a s  l e n t i c u l a r ,  and the  s h a l e  and c o a l  may bo th  be absen t .  I n  
gene ra l  t h e  mines surveyed have a  dark  s h a l e  o r  draw s l a t e  r o o f ;  t he  s h a l e  i s  
u s u a l l y  t h i n  bedded and grades  i n t o  sandy s h a l e  o r  thin-bedded sandstone.  
Core d e s c r i p t i o n s  bear  ou t  t h e  r a p i d  changes i n  l i t h o l o g y  and a l s o  denote  t he  
presence  of a  d i scont inuous  r i d e r  c o a l  above t h e  Beckley. 
Rapid changes i n  roof  l i t h o l o g y  and t h e  presence of a  r i d e r  c o a l  a r e  
i l l u s t r a t e d  i n  f i g u r e  12. I n  t he  Pax quadrangle ,  t h e  roof  l i t h o l o g y  changes 
from predominantly s h a l e  t o  sands tone ,  wi th  a  d i scont inuous  r i d e r  p r e s e n t  a t  
two d a t a  p o i n t s .  Along t h e  Ecc les  -Arnet t  quadrangle  border  t h e  roof  becomes a  
success ion  of t h i n  s h a l e s  and sands tones .  Near t h e  Raleigh-Wyoming l i n e  i n  
t h e  McGraws quadrangle  a  cont inuous c o a l  (about  1-1/2 mi l e s  long)  appears  i n  
t h e  roof  s t r a t a .  This c o a l  i s  s epa ra t ed  from the  Beckley by 25 t o  30 f e e t  of 
sands tone .  
I n  f i g u r e  12 ,  t he  absence of  a  s p l i t  o r  r i d e r  c o a l  may be a  func t i on  o f  
widespread d a t a  p o i n t s  and does n o t  n e c e s s a r i l y  mean t h a t  a  s p l i t  o r  r i d e r  
c o a l  i s  no t  p r e s e n t  i n  t h e  f i e l d .  Poor roof  cond i t i ons ,  due t o  a l t e r n a t i n g  
thin-bedded s h a l e s  and sands tone ,  s u b j e c t  over ly ing  s p l i t s  to  a  r e l e a s e  i n  
con f in ing  pressure .  This can r e s u l t  i n  a d d i t i o n a l  methane emission.  
Overburden Thickness Above t h e  Becklev Coalbed 
A wide ly  accepted r u l e  of thumb f o r  c o a l  i s  t h a t  t h e  deeper t h e  coa lbed ,  
t h e  more gaseous i t  i s .  I f  t h e  methane i n  a  coalbed i s  i n  equ i l i b r i um,  equa l  
volumes of methane would be expected pe r  u n i t  volume of c o a l  throughout t he  
coalbed.  When t h e  equ i l i b r i um i s  d i s rup t ed  by ou tc rop  o r  mining, methane i s  
emi t t ed .  Where the  d i s e q u i l i b r i u m  i s  l a r g e ,  a s  may be caused by mining under 
i nc r ea sed  overburden, methane emiss ion  r a t e s  may i n c r e a s e  s u b s t a n t i a l l y .  
An isopach of  t h e  overburden above t h e  Beckley coalbed i s  shown i n  f i g -  
u r e  13. A 400-foot  contour  i n t e r v a l  i s  used because of t he  d i f f i c u l t y  i n  
read ing  a  smal le r  s c a l e  on a  map of t h i s  s i z e .  
I n  t h e  s t udy  a r e a ,  overburden th ickness  ranged from ze ro  a t  outcrop i n  
t h e  Beckley quadrangle  t o  g r e a t e r  than 2,200 f e e t  i n  the  Pax quadrangle .  I n  
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FIGURE 13. - lsopach map of  the overburden above the Beckley coalbed. 
~ e c k l e y  's i n c r e a s i n g  d e p t h  r e l a t i v e  t o  mean s e a  l e v e l  i n  t h a t  d i r e c t i o n .  The 
average  overburden and r a n g e  of overburden t h i c k n e s s  f o r  each  mine a r e  g i v e n  
i n  t a b l e  3 .  
TABLE 3 .  - Overburden t h i c k n e s s  above Beckley coa lbed  mines 
No a c c u r a t e  d a t a  a r e  a v a i l a b l e  t o  compare methane e m i s s i o n  i n  each  mine 
from a r e a s  of l e s s e r  and g r e a t e r  overburden.  O f f i c i a l s  i n  b o t h  t h e  S k e l t o n  
and E c c l e s  No. 5 mines have  no ted  i n c r e a s e d  e m i s s i o n  when mining under  deeper  
c o v e r .  Wi th in  t h e  f ive -mine  a r e a e m i s s i o n r a t e s  g e n e r a l l y  i n c r e a s e  a s  overburden  
i n c r e a s e s .  A remote moni to r ing  sys tem now be ing  i n s t a l l e d  i n  t h e  Beckley mine 
by t h e  Bureau of Mines may y i e l d  i n f o r m a t i o n  on methane e m i s s i o n  from a r e a s  
w i t h  v a r y i n g  overburden (35) .  
Mine 
Beckley-Lick Run. . . . . . .  
. . . . . . . . . . . . . . . .  Beckley 
Beckley No. I . . . . . . . . . .  
E c c l e s  No. 5 .  . . . . . . . . . .  
Maple Meadow.. . . . . . . . . .  
S k e l t o n  . . . . . . . . . . . . . . . .  
Thickness  of t h e  Beckley Coalbed 
An i sopach  map ( f i g .  14)  w i t h  a  36- inch c o n t o u r  i n t e r v a l  was drawn of t h e  
Beckley c o a l b e d .  The map was c o n s t r u c t e d  u t i l i z i n g  c o r e  h o l e s ,  d r i l l e r s '  l o g s ,  
and mine maps, and d e p i c t s  t o t a l  coa lbed  t h i c k n e s s  ( c o a l  and p a r t i n g s ) .  The 
t h i c k n e s s  i s  v a r i a b l e ,  r a n g i n g  from 0 t o  more t h a n  108 i n c h e s .  There a r e  s e v -  
e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  v a r i a t i o n :  ( 1 )  The c o a l  may have been 
d e p o s i t e d  on a n  i r r e g u l a r  s u r f a c e ,  (2 )  t h e  c o a l  may have compacted d i f f e r e n -  
t i a l l y  w i t h  o v e r l y i n g  s e d i m e n t s ,  and (3 )  t h e  c o a l  may have undergone e r o s i o n  
bo th  d u r i n g  d e p o s i t i o n  and a f t e r  b u r i a l .  Examples of t h e  l a t t e r  t h e o r y  may be  
s e e n  i n  t h e  s o u t h e a s t  c o r n e r  of E c c l e s  quadrang le  and i n  t h e  southwest  c o r n e r  
of Beckley quadrang le  i n  f i g u r e  15.  I n  t h e s e  l o c a t i o n s ,  a r e a s  of  want a r e  
o u t l i n e d  by what appear  t o  be  c h a n n e l s ,  and rough ly  cor respond  t o  low-coal  
a r e a s  i n  f i g u r e  14.  







Large a r e a s  of low c o a l  ( l e s s  t h a n  36 i n c h e s )  appear  i n  f i g u r e  13.  Sev-  
e r a l  r e s e a r c h e r s  r e l a t e  t h e  Beckley c o a l b e d ' s  accumulat ion and t h i c k n e s s  t o  
t h e  c o a l b e d ' s  environment  of d e p o s i t i o n  (27, 58-59), I n  t h i s  t h e o r y  t h i c k  
c o a l  i s  a s s o c i a t e d  w i t h  topograph ic  lows,  w h i l e  t h i n  c o a l  i s  a s s o c i a t e d  w i t h  
t o p o g r a p h i c  h i g h s .  The low and high a r e a s  cor respond  wi th  " h i l l s "  and 
' G a l l e y s "  of a  pa leo topography ,  and a r e  s i m i l a r  t o  t h e  c o a l  t h i c k n e s s  t r e n d s  
of t h e  E c c l e s  No. 5  and S k e l t o n  mines.  I n  p o r t i o n s  of t h e  A r n e t t ,  E c c l e s ,  and 
McGraws quadrang les  one t h i c k  c o a l  accumula t ion  compares w i t h  t h e  ' G a l l e y "  of  
t h e  P i n e v i l l e  s y n c l i n e .  
Av overburden ,  f t  
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The c o a l  i s o p a c h  map i s  used t o  c a l c u l a t e  o r i g i n a l  c o a l  r e s e r v e s  and 
methane r e s e r v e s .  Coal  r e s e r v e  c a l c u l a t i o n s  a r e  based on c o a l  seam t h i c k n e s s  
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p a r t i n g s  w i l l  emit  methane i n t o  t he  mines.  I n  t a b l e  4 ,  the  o r i g i n a l  r e s e r v e s  
of t h e  Beckley coalbed f o r  each mine have been c a l c u l a t e d .  The o r i g i n a l  coa l  
r e s e r v e s  were about 279 m i l l i o n  tons .  Sub t r ac t i ng  t he  amount mined t o  d a t e ,  
t h e  t o t a l  r e s e r v e s  a t  p r e s e n t  a r e  about  234 m i l l i o n  tons .  
TABLE 4.  - Est imated c o a l  r e s e r v e s  of t h e  Beckley coa lbed ,  
m i l l i o n  tons  
S t r u c t u r e  of t h e  Beckley Coalbed 
Mine 
. . . . . . .  Beckley-Lick Run. 
Beckley ................. 
......... Beckley No. 1.. 
Ecc les  No. 5 . . . . . . . . . . . .  
Maple Meadow. ........... 
Skel ton .  ................ 
.............. Tota l  
While f i g u r e  6  i l l u s t r a t e s  t he  gene ra l  s t r u c t u r e  of t h e  Beckley coa lbed ,  
geo log i c  f a c t o r s  may c o n t r i b u t e  l o c a l l y  t o  methane emission.  The s lope  e n t r y  
of t he  Maple Meadow mine i s  loca ted  i n  t h e  a x i s  of t he  P i n e v i l l e  sync l i ne .  I n  
t h i s  mine ve ry  h igh  emission r a t e s  occur dur ing  ope ra t i on  of t h e  cont inuous 
miner.  I t  seems probable  t h a t  w a t e r ,  s a t u r a t i n g  and f i l l i n g  c l e a t  spaces ,  
p r even t s  o r  slows n a t u r a l  d e g a s i f i c a t i o n .  While t h e  miner i s  ope ra t i ng ,  c o a l  
i s  c rushed ,  a l lowing r a p i d  emission of methane t rapped i n  t h e  c l e a t  by wa te r .  
When t h e  miner i s  no t  o p e r a t i n g ,  emission decreases  r a p i d l y .  The cont inued 
c o l l e c t i o n  of water  i n  t h e  mine r e f l e c t s  a  cont inuous recharge  of wate r  a long 
t h e  a x i s  of t he  sync l i ne .  
A d e g a s f i c a t i o n  program u t i l i z i n g  v e r t i c a l  boreholes  and hyd rau l i c  s t imu-  
l a t i o n  i s  under s tudy  f o r  t h e  a r ea  surrounding t he  s l ope  of t he  Beckley-Lick 
Run mine. Emission may be hampered by water  moving s t r u c t u r a l l y  downdip from 
v i r g i n  c o a l  t o  t h e  d e g a s i f i c a t i o n  ho l e s .  A p r e l im ina ry  w e l l  has  been d r i l l e d  
and s t imu la t ed .  Water,  a s  w e l l  a s  methane, i s  being produced ( t a b l e  5 ) .  
Dai ly  emission i s  l e s s  than o r i g i n a l l y  expected.  One reason  may be improper 
w e l l  complet ion.  Unless wate r  r e l i e f  w e l l s  a r e  p laced  s t r u c t u r a l l y  updip from 
t h e  d e g a s i f i c a t i o n  h o l e s ,  o r  u n t i l  t he  c o a l  has dewatered i t s e l f ,  methane 
dra inage  may no t  be complete.  
Tota l  c o a l  
56 
6  7  
41 




TABLE 5 .  - Methane emiss ion  and wate r  ~ r o d u c t i o n  from a  v e r t i c a l  
borehole  i n  t h e  Beckley coalbed 
















NOTE.--Emission and produc t ion  f i g u r e s  a r e  averages  of 240 d a i l y  
measurements p r i o r  t o  August 1975. 
Date 
Aug. 12,  1975 ......... 
Methane emission,  f t 3  
Dai ly  
10,296 
Water p roduc t ion ,  b b l  
Cumulative 
3,768,400 




A d e g a s i f i c a t i o n  program u t i l i z i n g  two h o r i z o n t a l  boreholes  was operated 
f o r  55 days i n  t h e  Beckley mine i n  1973. During t he  t e s t  n e a r l y  4 m i l l i o n  f t 3  
of methane and over 33,000 bb l  of water  were produced. Emission appa ren t l y  
was no t  hsmpered by water  i n  t he  coalbed (a). 
A l l  mines i n  t he  Beckley coalbed have encountered want a r ea s  where t h e r e  
i s  low c o a l  due t o  " r o l l i n g "  o r  " f au l t i ng"  of t h e  roof  and/or  f l o o r  ( f i g .  1 5 ) .  
I n  e i t h e r  c a s e ,  t he  c o a l  t h i n s  w i th  r e s p e c t  t o  t he  f l o o r  o r  r oo f .  The t r a n s i -  
t i o n  zones between t h i n  c o a l  and t h i c k  c o a l  o f t e n  show s l i c k e n s i d i n g  i n  t he  
roof  and c o a l ,  perhaps due t o  d i f f e r e n t i a l  sediment compaction. However, no t  
a l l  s l i c k e n s i d e s  occur under t he se  cond i t i ons .  I n  t h e  Beckley mine s l i c k e n -  
s i d i n g  has  a l s o  been observed where s t r u c t u r a l  f o ld ing  has thinned t he  c o a l .  
I f  t h e  format ion  of want a r e a s  was i n i t i a t e d  by g e o l o g i c a l  f a c t o r s ,  a  d e t a i l e d  
s t r u c t u r e  map and s l i c k e n s i d e  survey i n  each mine w i l l  be u s e f u l  i n  d e t e c t i n g  
t r ends  f o r  t h e  want a reas .  A knowledge of underground s t r u c t u r e  may f o r e s t a l l  
d r i l l i n g  h o r i z o n t a l  d e g a s i f i c a t i o n  boreholes  i n t o  roof  r o l l s  and want a r e a s .  
MOVEMENT OF METHANE I N  THE COAL ENVIRONMENT 
The movement of methane from c o a l  and ad j acen t  s t r a t a  has been descr ibed  
by e a r l i e r  r e s e a r c h e r s  (10-11, 16, 3 3 ,  4 l ,  4 4 ,  46, 52-54). A b r i e f  summary of 
methane movement i s  given.  
Methane movement from c o a l  may be descr ibed  i n  two ways: (1)  D i f fu s ion  
of methane through t h e  micropore s t r u c t u r e  of c o a l  according t o  F i c k ' s  law, 
and ( 2 )  movement along secondary avenues o r  i n t e r connec t i ng  f r a c t u r e s  i n  t h e  
coalbed according t o  Darcy's law (11). The methane flow r a t e s  a r e  r e l a t e d  
d i r e c t l y  t o  t he  concen t r a t i on  of methane and t h e  p r e s su re  g r a d i e n t .  Movement, 
t hen ,  i s  a  f unc t i on  of p o r o s i t y  and pe rmeab i l i t y .  
Methane movement from ad j acen t  s t r a t a  a l s o  c o n t r i b u t e s  t o  mine emiss ions .  
Emission from roof  s t r a t a  has been a s soc i a t ed  w i th  roof f a l l s  and sand chan- 
n e l s  ( 4 4 ) ,  whi le  emission from f l o o r  s t r a t a  i n  Beckley mines i s  a s s o c i a t e d  
w i th  b l ack  s h a l e s .  Methane genera ted  i n  o rgan i c - r i ch  muds (33) can become 
t rapped  during s h a l e  format ion j u s t  a s  methane i s  t rapped dur ing  c o a l  
format ion.  
Methane movement i n  t he  coalbed environment i s  a l s o  dependent on depth.  
Because gas  a t  g r e a t e r  depths  i s  under h igher  p r e s su re ,  t h e  emission r a t e  i s  
dependent on dep th ,  c o a l  p roduc t ion  r a t e ,  and n a t u r e  of t h e  coalbed and s u r -  
rounding s t r a t a  (2, 37). Severa l  mathematical  models p r e d i c t  methane and 
wa te r  movement i n  t he  coalbed environment whi le  t ak ing  i n t o  account coalbed 
p r o p e r t i e s  and f l u i d  func t i ons  (53-54). 
Two methods were used t o  e s t i m a t e  t h e  methane con t en t  and emission 
p o t e n t i a l  f o r  t he  mines ope ra t i ng  i n  t he  Beckley coalbed.  The f i r s t  was t o  
examine t he  methane emission records  from the  mines i n  t h e  s tudy  a r ea .  The 
r e s u l t s  a r e  summarized i n  t a b l e  6 .  
TABLE 6. - Coal p roduc t ion  and methane emission d a t a  
f o r  Beckley coalbed mines 
Beckley ............. 
Beckley No. 1.. ..... 24 mo 
...... Ecc le s  No. 5 . .  70 y r  
Maple Meadow. ....... 16 mo 
1 A l l  mines use cont inuous -m 
Produc t ion ,  Methane 
emis s i o n ,  
Capac i ty  Actua l  f t a / d a y  
6,000 3,000 2,000,000 
34 ,000 '100 557,000 
2,200 1,700 474,000 
35 ,400 _ 1 100 1 278 ;OOO 1 800 7  151 000 
ning machines wi th  a room-and 
Coal 







- p i l l a r  mini 
Depth a t  
t i p p l e ,  
f e e t  
6 18 
ng plan.  
2 ~ s  of August 1975. 
3 ~ h e  mine i s  s t i l l  i n  development. 
4Represen ts  approximate depth t o  c o a l  a t  t i p p l e ;  miners e n t e r  t he  mine through 
a p o r t a l  where t he  Beckley c rops  o u t .  
The second method (41, 4 6 )  es t ima te s  t he  methane c o n t e n t  of a v i r g i n  c o a l -  
bed based on t h e  volume of methane desorbed from c o a l  samples ob ta ined  from 
c o r e  d r i l l i n g .  This  d i r e c t  method g i v e s  t he  volume of methane pe r  ton  o f  
v i r g i n  c o a l ,  which can be converted t o  methane emission pe r  t on  of coa l  mined 
pe r  day ( t a b l e  7 ) .  
TABLE 7. - Gas con t en t  of  v i r g i n  Beckley c o a l  and es t imated  
emission r a t e s  
Knowing t h e  d a i l y  methane emission and/or amount of coalbed g a s ,  c o a l  
p roduc t ion ,  and o r i g i n a l  c o a l  r e s e r v e s ,  t h e  o r i g i n a l  methane r e s e r v e s  may be 
e s t ima ted .  Knowing t h e  s t r u c t u r e ,  c o a l  t h i c k n e s s ,  overburden t h i cknes s ,  and 
environmental  s e t t i n g s ,  t h e  methane r e s e r v e s  i n  v i r g i n  a r e a s  can  be e s t ima ted  
from the  methane volume per  t o n  of  c o a l  ( t a b l e  8 ) .  
D r i l l  ho l e  No. 





Recent s t u d i e s  (22, 27) have shown t h a t  commercial -qual i ty  ga s  from v e r t i -  
c a l  boreholes  can  be ob ta ined  from coa lbeds  i n  advance of mining. The f o u r  
new mine p r o p e r t i e s  i n  t h e  Beckley coalbed have over 100 b i l l i o n  f t 3  of meth- 
ane i n  t h e i r  c o a l  r e se rves .  Degas i f i c a t i on  i n  advance of mining would reduce  
mining hazards  and c o s t s  a s  w e l l  a s  supplement energy demands. 
Depth, 






Gas con t en t  of 
Beckley c o a l ,  
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TABLE 8 .  - Est imated p re sen t  gas  r e s e r v e s  i n  t he  Beckley coalbed 
Mine 
Beckley . . . . . . . . .  
Beckley -Lick Run 
Beckley No. 1. . .  
Eccles  No. 5 . . . .  
Maple Meadow .... 
....... Ske l ton . .  
Average and 
IRepresen ts  gas  con t en t  determined by t h e  d i r e c t  method i n  v i r g i n  c o a l .  
K i s s e l l  (41) es t ima te s  t h a t  a  w e l l - e s t a b l i s h e d  deep mine w i th  t h i s  con t en t  
w i l l  l i b e r a t e  approximately 3,050 f t 3  of  methane pe r  ton  c o a l  per  day. 
t o t a l s  .... I 407 I 279 
SUMMARY 
Gas c o n t e n t ,  







This  studyshowed t h a t  a t  l e a s t  f ou r  geo logy- re la ted  f a c t o r s  a f f e c t  meth- 
ane i n  t he  Beckley coalbed.  The f a c t o r s  a r e  a s  fo l lows:  
234 
1. L i tho log i c  v a r i a t i o n s  above and below t h e  Beckley may add t o  methane 
emiss ions .  Carbonaceous s h a l e s  and c o a l  s p l i t s  occur  below t h e  Beckley i n  
a r e a s  where f l o o r  emissions a r e  p r e sen t .  Panel  diagrams cons t ruc t ed  from core  
logs  i n d i c a t e  s u b s t a n t i a l  c o a l  s p l i t s  above and below t h e  Beckley i n  o t h e r  
mines.  Therefore ,  p r e d i c t i o n s  o f  methane emission dur ing  mining based on t h e  
" d i r e c t  method" may be conse rva t i ve .  
O r i g i n a l  c o a l ,  








2. The theory  t h a t  methane emiss ion  i n c r e a s e s  a s  depth i n c r e a s e s  ho lds  
i n  t h e  Beckley coalbed.  Methane emissions i n c r e a s e  from j u s t  over 200 f t 3 / t o n  
i n  o l d e r ,  shal low mines t o  over  500 f t 3 / t o n  i n  newer, deeper  mines. Methane 
emissions a r e  expected t o  i n c r e a s e  t o  t h e  northwest  o f  p r e sen t  mining, c o r r e -  
sponding t o  t he  i n c r e a s e  i n  overburden. P re sen t  new mines w i l l  ope ra t e  as  
deep a s  2,300 f e e t  and can expec t  h igher  emissions a t  t he se  dep ths .  
3 .  Areas of g r e a t e r  c o a l  t h i cknes s  can  expec t  h igher  emissions because 
of g r e a t e r  volumes of  c o a l  mined and more r i b  exposure.  The i r r e g u l a r  t h i c k -  
ness  and d i s t r i b u t i o n  o f  c o a l  r e f l e c t  t h e  d e p o s i t i o n a l  environment of t he  
o r i g i n a l  c o a l  swamp. Want a r e a s  or  " f a u l t s "  r e p r e s e n t  e r o s i o n  o r  nondeposi-  
t i o n  of carbonaceous m a t e r i a l  i n  t h e  o r i g i n a l  swamp. The presence of  wants 
d i s r u p t s  mining, and may a l s o  h inde r  a t t empts  t o  degas i fy  t he  c o a l .  
Remaining c o a l ,  







4 .  The s t r u c t u r e  of t h e  Beckley coalbed i n  t h e  s tudy  a r e a  i s  c h a r a c t e r -  
i z ed  by a  g e n t l e  d i p  t o  t he  northwest  wi th  two g e n t l e  f o l d s  i n  t h e  southwest.  
Water moving downdip through t h e  coalbed hampers d e g a s i f i c a t i o n  both i n  mines 
and i n  d r i l l  h o l e s .  The i r r e g u l a r  s t r u c t u r e  of  t h e  Beckley may i n h i b i t  
a t t emp t s  t o  degas i fy  mines by h o r i z o n t a l  d r i l l  h o l e s .  The nearness  of t h e  
Beckley t o  t he  Allegheny Front  con t r i bu t ed  t o  t he  c o a l  c l e a t  o r i e n t a t i o n .  The 
average c l e a t  d i r e c t i o n s  a r e  N 33" W f o r  t h e  f a c e  c l e a t  and N 53" E f o r  t h e  
b u t t  c l e a t .  Mine e n t r i e s  and h o r i z o n t a l  boreholes  perpendicu la r  t o  t h e s e  
Gas r e s e r v e s ,  







d i r e c t i o n s  can expect  g r e a t e r  emission than t hose  a t  an angle  because they  
w i l l  i n t e r c e p t  the  g r e a t e s t  number of c l e a t s .  Water movement i s  a l s o  expected 
t o  be s t r o n g e s t  i n  t he se  d i r e c t i o n s .  
The average methane emission f o r  mines i n  t h e  s tudy  a r ea  i s  about 400 f t 3  
p e r  day per  ton.  Samples of t h e  Reckley near the f u t u r e  Beckley-Lick Run mine 
zon ta in  an average of 446 f t 3  / t o n  of v i r g i n  c o a l  as  determined by the  d i r e c t  
method. Using a Bureau c o r r e l a t i o n ,  t h i s  i s  t h e  equ iva l en t  of 3,050 f t 3  per  
day per  ton  of coa l  mined f o r  a well-developed deep mine. Because t h e  Beckley, 
Beckley No. 1, and Maple Meadow mines a r e  no t  f u l l y  developed, methane emis- 
s i o n  pe r  t on  of c o a l  w i l l  con t inue  t o  i nc rease  a s  development i s  reached. 
I n  the s tudy a r e a  t h e  es t imated  c o a l  r e s e r v e s  a r e  234 m i l l i o n  t o n s ,  of 
which 209 m i l l i o n  t ons  i s  i n  mines l e s s  than 3 years  o ld .  Because the  average 
methane con ten t  of t h e  Beckley i s  over  400 f t 3  / t on ,  108 b i l l i o n  f t 3  of 
commercial - q u a l i t y  methane i s  s t i l l  t rapped i n  t he  Beckley coalbed.  
I t  i s  hoped t h a t  t h e  techniques and r e s u l t s  of t h i s  i n v e s t i g a t i o n  can  be 
used by g e o l o g i s t s  and mining engineers  r e spons ib l e  f o r  mining coa l  s a f e l y  and 
qu ick ly  i n  t he  Beckley coalbed. 
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APPENDIX. --NOMENCLATURE 
C l e a t .  --Systems of j o i n t s ,  c leavage p l anes ,  o r  p lanes  of weakness found 
i n  c o a l  seams. The more pronounced j o i n t s  a r e  c a l l e d  f a c e  c l e a t s  and a r e  no r -  
mally p a r a l l e l  t o  t h e  l i n e  o r  d i r e c t i o n  of r eg iona l  fo ld ing .  It i s  common f o r  
a s e t  of j o i n t s ,  which a r e  approximately p a r a l l e l  c racks  o r  f i s s u r e s  a few 
inches  a p a r t ,  t o  a l s o  occur ;  known a s  b u t t  c l e a t s ,  t he se  a r e  no t  a s  w e l l  
developed a s  t h e  f a c e  c l e a t s  and a r e  u s u a l l y  n e a r l y  a t  r i g h t  ang le s  t o  them. 
F a u l t . - - I n  c o a l  mining, a sudden th inning  o r  disappearance of a c o a l  seam. 
Also known a s  a want o r  pinchout.  
F r i ab i l i t y . - -A  c r i t e r i o n  of t h e  ea se  wi th  which a c o a l  may be broken i n t o  
smal le r  pieces.  
Fundamental j o i n t  system.--The s m a l l e s t  u n i t  o f  j o i n t i n g  i n  reg ions  where 
both sys temat ic  and nonsystematic j o i n t s  occur. Systematic j o i n t s  a r e  u s u a l l y  
p l ana r  o r  broadly curved su r f aces  occurr ing  i n  s e t s  which cont inue across  
o t h e r  i n t e r s e c t  j o i n t  s e t s ;  they a r e  perpendicular  t o  the upper and lower 
boundaries  of rock u n i t s  i n  which they  occur.  Nonsystematic j o i n t s  a r e  curved 
f r a c t u r e s  t h a t  meet b u t  dc not  c ros s  o t h e r  sys temat ic  or nonsystematic j o i n t s ;  
they  commonly te rmina te  a g a i n s t  bedding p lanes .  
J o i n t .  --A f r a c t u r e  o r  p a r t i n g  t h a t  c u t s  through and ab rup t ly  i n t e r r u p t s  
t h e  phys i ca l  c o n t i n u i t y  of a rock mass; i t  i s  gene ra l ly  more o r  l e s s  v e r t i c a l  
o r  t r a n s v e r s e  t o  bedding along which no apprec iab le  movement has  occurred.  
S l ickens ide .  --A pol ished and sometimes s t r i a t e d  su r f ace  on t h e  wa l l s  of a 
v e i n ,  o r  on i n t e r i o r  j o i n t s  of t h e  v e i n  m a t e r i a l  o r  rock  masses. Produced by 
rubbing during f a u l t i n g ,  on the  s i d e s  of  f i s s u r e s ,  o r  on bedding planes.  
Want.--A loca l i zed  disappearance of a c o a l  seam, f o r  reasons o ther  than - 
f a u l t i n g  ( f o r  example, washouts, squeeze, r o l l s ) ,  o r  a po r t ion  of a c o a l  seam 
i n  which t h e  c o a l  has been washed away and i t s  p l ace  f i l l e d  with c l a y  o r  sand. 
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